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(54) Title: FUEL CELL SYSTEM AND RELATED METHOD 




O (57) Abstract: A fuel cell system is provided with a fuel cell (12) having a fuel electrode (19) supplied with fuel gas and an air 
^ electrode (16) supplied with oxidizer gas, a carbon dioxide separator (15. 52, 71) separating carbon dioxide finom anode exhaust 
Q gas (25) expelled firom the fuel electrode of the fuel cell, and a fuel vaporizer (13, 58) producing fuel gas by injecting fuel into 
anode exhaust gas, whose carbon dioxide is separated in the carbon dioxide separator and which is expelled firom the carbon dioxide 
separator. Fuel gas produced in the fuel vaporizer is supplied to the fuel electrode of the fuel cell. 
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DESCRIFnON 

FUELCELLSYSTEM AND KELAIED METHOD 

TECHNICAL EDELD 

5 Hie present invention relates to a fiiel cell system and its related method and, more 

particulady, to a fiiel cell system, which is equq>ped with a carbon dioxide separatoi^ and its 
related method. 

BACKGROUND ART 

10 A fiiel-cell electric power g^eration plant adiieves electrochemical reaction of fuel of 

hydrocarbon system to convert it to water and carbon dioxide to cause a resulting difference in 
dianical enthalpy to be converted to elecbrical eneigy for thereby end)ling electric power to be 
efSdentiy obtained. On the contrary, carbon dioxide necessarily results in. 

Since such carbon dioxide has a probability to create a cause of global warming issues if it 

15 is released to the atmosphere as it is, a proposal has been made to provide a technology for 
removing carbon dioxide fsom anode exhaust g^s, in Japanese Patent ^plication Laid-Open 
PubUcation No. Hll-26004. 

DISCLOSURE OFINVENTION 

20 However, upon considerable studying work done by the present inventors, depending on 

an dectric power gen»:ation system with such a structure, no attempts to reuse fuel g^s, which 
has been served for electric iK)wer aeration, have been undertalrai, it can not be said that an 
electric power genraating efficiency of a whole system remains at a high level. 

The present invention has been made upon sudhi studies by the preset inventors and 

25 especially has an object to provide a fuel cell system, wherein fuel gas served for electric power 
graeration is reused and circulated m the system to allow fuel to be effectively utilized while 
concurrentiy enahling an electric powar generating efficiency of a whole fuel cell system to be 
impx>ved, and its related method. 

According to one aspect of the present invention, a fuel cell systrai comprises: a fiiel ceB 

30 having a fiiel electrode suppHed with fuel gas and an air electrode supplied wifli oxidizer gas; a 
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caibon dioxide sepaiator sq>aiatmg caibcm dioxide from anode exhaust g^s spelled 6om the 
fuel electrode of the fuel cell; and a fuel v^orizer produdng fuel gas by injecting fuel into the 
anode exiiaust g^s, whose caibon dioxide is separated in the caibon dioxide sepaiator and whidi 
is e^elled theiefiom, with the fuel g^s produced by the fiiel vaporizer being supplied to the foel 

5 electrode of the fuel cell 

Stated another way, according to another aspect of the present invention, a fuel cell system 
comprises: a fiiel cell having a fiiel electrode supplied with foel g^s and an air electrode sillied 
with oxidizer gas; caibon dioxide separating means for separating carbon dioxide from anode 
exhaust ^ expelled &pm the fuel electrode of the fuel cell; and fuel injeding means for 

10 injecting fuel into the anode exhaust gas, whose carbon dioxide is separated in the carbon 
dioxide separating means and wfaidx is e?q)elled there&om, to produce g^s, with the fiiel gps 
produced by the fuel injecting means being supplied to the fiiel electrode of the fuel celL 

In the meanwhile, according to the other aspect of the present inventian, there is provided a 
method of circulating g^s in a fuel cell system provided with a fuel cell having a fuel electrode 

IS supplied with fiiel g9s and an air electrode supplied with oxidizer gas, the method comprising: 
separating carbon dioxide fixxm anode exhaust gas expelled fitom fiiel electrode of a fiiel cell; 
producing fiiel g^s by injecting fiiel into the anode exhaust gps, whose caibon dioxide is 
separated and vMch is eiqseQed; and supplying the fiiel gas into the fiiel electrode of the fiiel 
cell. 

20 Other and fiiither features, advantages, and benefits of the present invention will become 

more apparent from the following description takisa in conjunction with the following drawing;?. 

BRIEFDESCMFIION OFDKAWMGS 

Fig. 1 is schematic view illustrating an overall stmcture of a fiiel cdl system of a first 
25 embodiment according to the present invention; 

Fig 2 is a schematic view illustrating an internal stmcture of a carbon dioxide separator 
shown in Fig. 1, in the fiiel cell system of the first embodiment; 

Fig. 3 is schematic view illustrating an overall stmctuie of a fiiel cdl system of a second 
embodiment according to the present invention; 
30 Fig, 4 is a perspective view illustrating an external refi)nner shown in Fig. 3, in the fiiel cell 
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system of the second embodiment; and 

Fig. 5 is sdiCTiatic view iUustrating an overall stiuctuie of a fuel cell system of a third 
embodimmt according to the present invention. 



5 BESTMODEFORCAKRYINGOUrTHEE^VENTI 

A fiiel cell system and its related method of each of embodiments according to the present 
invention are desoibed hereunder in detail wilh suitable re£srmce to die accompanying 
drawings. 

(First Embodiment) 

10 First, refming to Figs. 1 and 2> a fuel cell system and its related method of a first 

embodiment of the present invention are described in detail 

Fig. 1 is a sdbiematic view illustrating an ov^iall stmcture of the fuel cell system of die 

presently filed embodiment, and Fig. 2 is a schematic view illustrating an internal structure of a 

carbon dioxide separator shown in Fig. 1. 
15 As shown in Figs. 1 and 2, the fuel cell system 10 is comprised of an air compressor 11, a 

fiiel cell 12 and a fiid vaporizer 13 and, additionally, includes a hydrocarbon dioxide separator 

IS having a heat-exchanger 14. 

In order for compressed air to be delivered fiom the air compressor 11 to air electrodes 16 

of the fuel cell 12 through the heat-exdianger 14 disposed in the carbon dioxide separator 15, a 
20 delivery conduit 17 is connected between the air compressor 11 and the heat-exdianger 14, and 

an air supply conduit 18 is coimected between the heat-exdiang^ 14 and the fuel cell 12. 

The fuel cell 12 includes a plurality of air electrodes 16 assodated widi a plurality of fiiel 

electrodes 19, and a solid oxide fuel cell (SOFC), which is formed of electric power generating 

cells CaLand separators (not shown) that are alternately laminated, is preferably used. 
25 Although only a single piece of the electric power generating cells CL is representatively 

shown in Fig. 1, an electrolyte layer EM is made of oxide ion-conductive solid electrolyte^ sudi 

as ytbria stabilized ziroonia (YSZ), and the electrolyte layer EM has one sur&ce formed with the 

an electrode (cathode) 16 formed of lanthanum-mang^nese oxide and the ofh^ sur£Eice formed 

with the fuel electrode (anode) 19 formed of nickel-cermet The separator has one surfece 
30 formed with an air flow passage and the other surface formed with a fuel g^s flow passage and 
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has an eledricany conducting function between flie electric power generating cells. Also, an 
operating temperature of the SOFC Ues at a hi^ tenqierature in a range equal to or greater than 
^)pK)ximately 600 *C and equal to or less than 1000 °C. 

That is, the dectric power genoating cdls CL and the sq)aiatois are altacnately laminated 
5 imder a condition where the fiieldectrode 19 of ihedtectric power generating odlCL and the 

fuel @as flow passage of the separator are disposed in opposition to one anotha: and the air 
electrode 16 of the electric powra: generating cell CL and the air flow passage of the sq»arator 
are disposed in opposition to one another, resulting in formation of the fuel cell 12. 

Rid gas is delivered to the plurality of fuel electrodes 19 formed inside die fuel cell 12 

10 through a fijel ©IS supply conduit 20 disposed between tiie fiid v^rizCT 13 and flie fuel 
electrodes 19 of the fuel cdl 12. Anode exhaust g^ 25, resulting firan such fiiel g9S bdng used 
for electric power generation, is ddivered to the carbon dioxide separator 15 via an anode 
exhaust gas conduit 21 coimected to the fuel cell 12 at one downstream port fliereol 

Ddivered throu^ flie air supply conduit 18 to the plurality of air electrodes 16 formed 

15 inside the fud cdl 12 is aii; and cathode exhaust g3S 26, resulting fixm such air being use^ 
dectric power generation, is delivered to flie carbon dioxide sepaaiot 15 via a cafliode exhaust 
gas conduit 22 connected to the fud cdl 12 at tiie ofliar downshBam port fliraeof . 

The carbon dioxide separator 15 has an outa: shape typically formed in a cylindrical ^aapCy 
as shown in Fig. 2, and indudes an upper anode exhaust gas flow passage 23 and a lower 

20 cafliode exhaust g9S flow passage 24 fliat are divided by and defined wifli a heat insulating wall 

portion 32. 

hihoduced into the anode ejdiaust gas flow passage 23 is anode exhaust gps 25 fliat is 
exhausted fiom flie fud electrodes 19 of flie fuel ceU 12, and introduced into flie cafliode esdiaust 
gas flow passage 24 is (afliode exhaust gas 26 that is exhausted fiom the air electrodes 16 of the 

25 fiid cdl 12. That is, in respect of flie anode exhaust gas flow passage 23 and the cafliode exhaust 
gas flow passage 24 of flie carbon dioxide sq)aratcM: 15, a left side mdicates an upstream side 
and a right side indicates a downstream side in Fig. 2. Ihe anode ediaust gas flow passa^ 23 
and the cafliode exhaust gas flow passage 24 are substantially defined wifli a carbon dioxide 
rranoving membo: 27, formed m a circular disc, in an axial direction longitudinal dkecticm) of 

30 the carbon dioxide separator 15, fliat is, in a direction m which exhaust gases flow fix>m the 
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iqpstream side to the dowmtream side* 

Tlie carbon dioxide removing m^nber 27 has a radially crater portion provided vnOi a 
center shaft 28 (extending parallel to an axial direction of the carbon dioxide separator 15) that is 
rotatably supported. Since the anode exhaust gps flow passage 23 and the cathode exhaust gas 
5 flow passage 24 are separate fixm one another by the heat insulating wall portion 32» no heat, 
developed in the anode exhaust g?s flow passage 23 prevailing at a hig|i traiperature, is 
substantially transferred to the cafliode exhaust gas flow passage 24. 

Within the carbon dioxide separator 15, the heat-exdianger 14 is located in the anode 
exhaust g^5 flow passage 23. The heat-exchanger 14 is comprised of a nanow siq>ply pq>e that 

10 is made of metal and wound while turning in a spiral shape and has one end 30 connected to the 
an compressor 11 while the other end 31 is connected to the air electrodes 1 6 of the fuel cell 12 
to allow conq)ressed air, onitting flom the air compie^r 11, to pass through an interior of the 
spiral supply pipe. Due to the presence of such compressed air prevailing at a low temperature, 
heat-exdiange takes place for removing heat from the high temperature anode exhaust gas 25 

15 flowing diroug^ the anode exhaust gas flow passage 23 during a time interval wh^ 
compressed air passes throng the spiral portion located in the anode exhaust gps flow passage 
23, causing low tenqperature anode exhaust g^s 25 to be delivered to the carbon dioxide 
removing member 27. 

Hie carbon dioxide removing mmiber 27 is made of a honeycomb member that can be 
20 used for operation at a hi^ temperature^ and carbon dioxide absorbing material is carried on a 
honeycomb ceramics, as a cairien The carbon dioxide removing member 27 can be used in a 
so-called rotary regpnorative typ& sq)aratot. As carbon dioxide absorbing material, use can 
suitably be made of material, ocmtairung lithium zirconate as main oompoDeaat, and is preferable 
to have a property to absorb carbon dioxide at a temperature ranging in a value equal to or 
25 greater than 300 *C and equal to or less than 700 *C in a particular temperature range while 
discfaaiging carbon dioxide at a higher temperature than such a predetermined temperature 
ranging in the value equal to or greater than 300 and equal to or less than 700 That is to 
say, since the SOFC is the fiiel cell that operates at a hi^ t^peiature in a range equal to or 
greater than 600 '^C and equal to or less than 1 000 "^C, and a resulting exhaust gas temperature is 
30 higher than the carbon dioxide absorbing temperature that &lls in the range equal to or greater 
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1bm 300'C and equal to or less than 700**C. Thus, by rotatmg and ^ufimg &e carbon dioxide 
removing member 27 fiom a position feeing flie anode exhaust gas flow passage 23, through 
which low temperature anode exhaust gas 25 flow^ to the other position fadng the cathode 
exhaust g^s flow passage 24, through which high temperature cathode exhaust g?s 26 flows, 

5 carbon dioxide absod^ed by flie carbon dioxide rmioving member 27 at the anode exhaust gas 
flow passage 23 can be released fix>m the carbon dioxide removing member 27 at the cathode 
exhaust g^s flow passage 24, resulting in a capability of efficiently removing carbon dioxide 
fitom anode exhaust gas 25. 

Hiat is, rotation of the carbon dioxide removing member 27 about the center shaft 28 

10 enables rq)eated operations for altematdy absorbing and releasing carbon dioxide such that 
when the carbon dioxide removing member 27 is positioned in the anode exhaust g^s flow 
passage 23 remaining at a low traiperature due to heat absorption by the heat-exchanger 14, the 
carbon dioxide removing member 27 absorbs carbon dioxide whereas when the carbon dioxide 
removing member 27 is shifted to the cathode exhaust gas flow passage 24, the carbon dioxide 

15 r^oving member 27 releases carbon dioxide. Also, such a structure is not limitative and 
another structure may be adopted provided that carbon dioxide can be altmiately absorbed and 
released in a continuous fashion through rotation of the carbon dioxide removing member 27 or 
the like. Moreover, it is not objectionable to onploy a stmcture wherein the carbon dioxide 
removing member is held stationary and a carbon dioxide absorbing section is disposed in a 

20 portion of the anode exhaust g^s flow passage 23 of the carbon dioxide removing member while 
a carbon dioxide releasing section is disposed in a portion of tiie cathode exhaust gas flow 
passage 24 of the carbon dioxide removing mCTiber for thereby pennitting caibon dioxide, 
absorbed by the caibon dioxide absorbing section, to be shifted to the carbon dioxide releasing 
section to rause carbon dioxide to be released. 

25 Further, at a downstream side of the caibon dioxide removing member 27, the anode 

exhaust g^ flow passage 23 communicates with an anode exhaust g^s flow passage 23* via the 
carbon dioxide r^oving member 27, and the cathode exhaust g^s flow passage 24 
communicates a cathode eadiaust gas flow passage 24* via the carbon dioxide removing 
memb^ 27. The anode exhaust g^s flow passa^ 23* and the cathode exhaust g^s flow passage 

30 24* are elongated in and defined by the cylindrical hollow member unitarily formed with the 
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caibon dioxide sqiaiator 15. The anode ediaust g^s flow passagp 23' and the cathode exhaust 
g^s flow passage 24' aie isolated from one another by means of a heat conductive wall section 
33 thiou^ which heat-exchangp is able to take place. 

Disposed in the anode exhaust g^s flow passagp 23' is an injector 34 fiiat protrudes into the 
5 flow passage for iigecting fliel, with die injector 34 and the anode exhaust gas flow passa^ 23' 
forming the fuel vaporizer 13 . Also, the inj ector 34 is connected to a fuel tank 36 that stores fiieL 
Next, operation of die fuel cell system with the stmctuie set forth above is desoibed below 
in conjunction with flows of air as oxidiza: gas and fuel gas containing hydrogen. 

As shown in Fig. 1, low temperature compressed air supplied flom the air ocxnpressor 11 is 

10 delivered to Ifae heat-exdianger 14, disposed in the caibon oxide separator IS, in which 
heat'-exdiange takes place with Mg^ temperature anode ediaust gas 25, and the temp»:ature of 
compressed air increases. Then, compressed air passes tfarou^ the air supply conduit 18 and 
delivered to the air elet^des 16 of the fiiel cell 12. Within the fuel cell 12, oxygen gas in air is 
served for electric power generation, with resulting gas containing residual nitrogen being 

15 exhausted fcom the air electrodes 16 of the fuel cell 12. Sudi cathode exhaust gas 26 is supplied 
to the cathode exhaust g^s flow passage 24 of the caibon dioxide sqparator 15. 

hi the meanwhile, fuel g^s is obtained by vaporizing fuel delivered fiom the fiiel tank 36 
and sprayed by the injector 34 in a mist form. As fiiel for the fuel cell 12, Hydrocaibon foel, 
such as alcohol or natural gas, diesel oil and gasoline, can be used. Here, since heat 37 is 

20 transferred to the fiiel vaporizer 13 from the cathode exhaust ^ flow passage 34' via the heat 
conductive wall section 33 tiiat is heat-exchangeable, the fuel vapcdzer 13 is retained at a high 
temperature. Accordingly, it is possible to efSdently vaporize fiiel renaining in the mist form 
and to uniformly mix fuel to form fiiel gas. Sudi fuel gas is delivered to the fliel electrodes 19 of 
the fiiel cell 12 through the fuel gas supply conduit 20 and is served for electric power 

25 generation in the fiiel cell 12, with resulting anode exhaust gas 25 being delivered to the anode 
exhaust gas flow passage 23 of the carbon dioxide sq}arator 15 . Contained in anode exhaust ^ 
25 are caibon dioxide, steam and hydrogen. Due to the occurrence of heat-€xdiange between 
anode exhaust gas 25 and low ten^ierature con:q>ressed air by means of the heat-exchanger 14 
of the caibon dioxide separates 15, the temperature of anode exhaust gas 25 is lowered to a 

30 value equal to or greater than 300 'C and equal to or less than 700 and, dien, anode exhaust 
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gas 25 leadies the caibon dioxide lemoving memb^ 27 that rotates about the osaiisr shaft 28. 
Resulting anode exhaust 25 wifli caibon dioxide being selectively absoibed in the caibon 
dioxide removing member 27 and separated and removed thereftom, flows into the anode 
exhaust g9s flow passagp 23' of the fiiel v^rizer 13. And, operation is executed to sequentially 
5 repeat the cycle in that anode exhaust g^s 25 is naixed with inist-^ 

34 from the fiiel tank 36 set forth above to form fuel g?s wMdi in tum is supplied to the fuel 
electrodes 19 of the fiiel cell 12. 

Here, while the caibon dioxide removing member 27, whidi absorbs carbon dioxide and 
rotates about the center shaft 28, is shifled to a position to &ce the cathode exliaust gas flow 

10 passage 24 of the carbon dioxide sq>arator 15, since the temperature of cathode exhaust gas 26 
of the cathode exhaust gas flow passage 24 rmiains at a hi^ temperature greater than 700 °C, 
the temperature of the caiixm dioxide removing memb^ 27 tends to exceed 700 °C, wifli a 
resultant situation where caibon dioxide can be released. Consequently, since the carbon dioxide 
removing member 27 allows carbon dioxide to be released, exhaust g^s 35 containing, in 

15 addition to nitrogen and oxygra, carbon dioxide passes through the cathode exhaust gas flow 
passa^ 24' and is subjected to afi-treatment as occasion demands whereupon exhaust gas is 
exhausted to the outside of the systemu 

According to the fuel cell system 10 with the stmcture of the presently filed embodiment 
previously mentioned, since the flow passages at the upstream side of the carbon dioxide 

20 separator 15 is separated by the heat insulating wall portion 32, heat-exchange can be effidentiy 
achieved through tiie use of the heat-exchange 14. 

Further; since the flow passages at the downstream side of the carbon dioxide sq}arator 15 
are sq>arated firom one another with the heat conductive wall section 33 having a heat 
conducting property, heat can be transferred from high temperature cathode exhaust gas 26 to 

25 the fuel vaporizer 13, enabling liquid-like fuel to be efiBdentiy vaporized. 

Additionally, due to an ability of liquid fiiel being discharged into high temperature exhaust 
gas subsequent to removal of caibon dioxide, it becomes possible to obtain fuel gas that is 
unifbnnly mixed and adequately valorized, with resultant improvement over an dectdc power 
generating performance. 

30 (Second Bnbodiment) 
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Now, lefi^oing to Fig3. 3 and 4, detailed desci:q>tiQn is made of a fiiel cell system and its 
related method of a second embodiment of the present inventioa The presently ffled 
embodiment differs from the fuel cell system of the first raabodiment principally in that anode 
exhaust gas is cooled using an external reforms as the heat-exchange and, so, like component 

5 parts bear the same reference ninnerals while suitably making similar descdption ui a simplified 
form or omitting die same. 

Fig. 3 is a schematic view illustrating a fuel cell system 50 of the presratiy filed 
embodiment, and Fig. 4 is a perspecdve view illustrating an external reformer shown in Fig, 3 
As shown in Fig. 3, the air supply conduit 18 extending fi:om the air compressor 11 

10 branches off via a heat exdianger 55 in two directions, with one supply conduit 18a being 
connected to an extonal reformer 51 while die other supply conduit 18b is connected to the air 
electrodes (cathodes) of the fiiel cell 12. Disposed in a carbon dioxide sqjarator 52 and 
protruding in an anode exhaust g3s flow passage 53 is the external reformer 51 that provides a 
heat-exchange fimction. A supply conduit 54 extending from the external reformer 51 is 

15 connected to the fiiel electrodes (anodes) 19 of the fiiel cell 12. 

Connected to a cathode e^diaust g^s flow passagp 57 at a downstream side of a carbon 
dioxide r^oving member 65 is an exhaust pqpe 56 that extmds toward an air-compressor 
heat-exchanger 55, in which heat-exdiange takes place betweoi compressed air in the air supply 
conduit 18, extending from the air compressor 11, and cathode exhaust g3s in the exhaust pipe 

20 56. 

A fuel vaporizer 58 is connected to the external reformer 51 via a conduit 59, permitting 
fiiel gas v2q[>orized in the fiiel vaporizer 58 to be delivered to the fuel electrodes 19 of the fiiel 
cell 12 via the external refi»mer 51. 

As shown in Fig. 4 in detail, the external reformer 51 is formed in a double-tubular 
25 structure between an iimer pipe 61 and an outer pipe 62. Hie external reformer 51 has a 
communicating section 63 for anode e^diaust gas 25 defined inside the inner pipe 61 and 
includes a reformer-fimctioning section 64 defined between the inner pipe 61 and the outer pq)e 
62 through which fiiel g^s, vaporized in the fiiel v^orizer, passes. 

More particularly, the external reformer 51 has a stmcture wherein anode exhaust g^s 25 is 
30 delivered to the carbon dioxide removing member 65 throu^ the communicatmg section 63, 
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which is disposed so as to tomi a part of tiie anode exhaust g^s flow passage 53, and 
subsequently, fuel g3s vaporized in the fuel vaporiza: 58 is delivered to the refionner-functioning 
section 64 separated firom the anode exhaust gas flow passage 53 to be supplied to the fuel 
electrodes 19. Thus, fiiel g^s is diculated by means of sudb an external lefonn^ 51. 

5 Ihttoduced into the lefonner-fimctioning section 64 are conqxressed air fxasa the air 

compressor 11 and steam, with the amounts of air and steam to be introduced being controlled 
in relation to fuel g^s flow to be diculated for enabling refonning reaction to take place in a 
steam reforming reaction mode that is Mdotheimic reaction. Namely, the occurrence of 
heat-exchange between fud g^s to be reformed in endothermic reaction and anode exhaust gps 

10 25 remaining at a temperature exceeding 700 ""C allows anode exhaust gas 25 to be cooled to a 
temperature in a rang^ equal to or greater than 300 and equal to or less than 700 "^C vAnle 
causing heat to be supplied to fuel gas for thereby promoting steam reforming reaction. Thus, by 
controlling even reaction of the external refomoier 51 while performing temperature control of 
anode exhaust g^s 25, carbon dioxide is absorbed famx anode exhaust gas 25 and released into 

15 the outside, thereby enabling the ftmcdon of tibe carbon dioxide separator 25 to be regenerated 
In Ihis case, steam can be oontamed in air fcom the air compressor 11 or also separately sprayed 
into the foel vaporizer 58 while it can also be separately sprayed into an inlet portion of die 
reformer-functioning section 64 to be supplied thereto, or may contain moisture contained in 
anode exhaust g^s 25. 

20 With the fiiel cell system 50 of the presently filed ^bodiment with the structure set forth 

above, new liquid fuel can be uniformly obtained utilizing heat of the carbon dioxide separator 
52, while enabling the carbon dioxide separator 52 to continuously operate utilizing 
endothermic reaction of the extonal reformer 51. 

Further, due to an ability of the fiiel cell system of the reformer type which achieves 

25 cooling of anode exhaust g^s 25 through the use of the existing external reformer 51, no 
separate heat-excfaangqr is newly required in such a fuel ceU system, witii a resultant capability 
of complying with a requirement at a low cost 

Inddentally, it is possible fbr the cxterosl reformer to use a stmcture that takes the form of 
the same construction as that of the heat-exdianger 14 shown in Fig. 2 while a reformer catalyst 

30 is carried on an interior of the delivery conduit 
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(Iliiid Embodiment) 

Now, leferring to Fig. 5, detailed descriptioa is made of a fiiel cell system and its related 
method of a third embodiment of the present invention. The presently filed OBbodiment diffeis 
from the fiiel cell system of the second embodiment pnnc^ally in that an exhaust gas 
S combustor is disposed in a caibon dioxide sq>arator and, so, like component parts bear the same 
reference numerals i^dule suitably making similar description in a shnplified form or omitdng 
the same. 

Fig. 5 is a schematic view illustrating a fuel cell system 70 of the presendy filed 
embodiment 

10 As shown in Fig. S, the fiid cell system 70 includes, in addition to the ccxo^n^ elements 

of the fuel cell syst^ 50 of the second embodiment, an esdiaust g^s combustor 72 which is 
located in a cathode ^iiaust gps flow passage 77, at the upstream ^de thereof of a carbon 
dioxide separator 71. Also, the anode exhaust pipe 73 extending firom the fuel electrodes (at an 
anode side) 19 of the fiiel cell 12 branches off into a first branch conduit 74 and a second branch 

15 conduit 75 in two directions. The fiist branch conduit 74 communicates with an anode exhaust 
gas flow passa^ 76 of the caibon dioxide separator 71, and the second branch conduit 75 
conamunicates with the exhaust gas combustor 72. 

Wifli the fuel cell system 70 of the presently filed embodiment, exhaust gas containing fuel, 
whidi is not completely consumed in the fiiel cell stack 12, combusts in the exhaust g^s 

20 combustor 72 to develop a high teiiq)erature, resulting in a capability of pemiitting caibon 
dioxide to be efBdatly released fixun the carbon dioxide removing member 65. Moreover, 
anode exhaust g^s espelled ftam die anode exhaust gas conduit 73 is delivered to the eidiaust 
g9S combustor 72 through the second branch conduit 75 while cathode exhaust gas is also 
delivered to the exhaust gas combustor 72, thereby enabling these exhaust gases to be efficiently 

25 combusted. 

With the stmctures of various artoodiments according to the present invention set forth 
above, since unbumed combustible components contained in ediaust g^ses expelled fixm the 
fiiel elec^des can be drculated and reused, thereby enabling the fiiel components to be 
effectively utilized while achieving improvement over an electric power generating efficiency of 
30 a whole system. 
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Also, Since concentratiaii of carbon dioxide contained in the anode eadiaust gas is 
effectively decreased by tbe caibon dioxide sepaiatoii such caibon dioxide can be prevented 
fixm being inadvertently releasing to atmosphere, 

Inddentally, in the various embodiments, since gas drculating through the anodes is 
5 effective for ac^usting a hydrogen concentiation of the gas, it is desired to provide a path 
through whidi the gas is discharged to the outside of the drculation passage. 

The entire content of a Patent i^Ucation No. TOKUGAN 2003-22408 with a filing dale 
of January 30, 2003 in Japan is hereby incorporated by refiEtcaice, 

Although tiie inventicm has been described above by reference to certain embodiments of 
10 the invention, Ihe invention is not limited to the embodiments described above. Modifications 
and variations of the embodiments described d)Ove wn occur to those ddUed 
oftheteadiiiigs. The scope of the invention is defined vwfli reference to the foUovwngcla^ 

INDUSTRIALAPPUCABnJTY 

15 As previously noted, a fud cell system according to the present invention allows unbumed 

oombustfcle conqxments contained in exhaust gas exhausted firam fiid dectrodes of a fiiel cell 
to be circulated for reuse, with carbon dioxide bemg removed. With sudi a structure, it is 
possible for the fael components to be effectively utilized while achieving improvement over an 
electric power generating eflSdency of the whole system, with appUcation thereof bdng 

20 expected in a wide range involving a fuel cell poweied automobile. 
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CLAIMS 



1. Afiiel cell systeoi comprising: 

a fuel cell having a fuel electrode siq)plied with fiiel gas and an air electrode suf^Ued with 
oxidizer gas; 



the fuel electiode of the fuel cell; and 

a fiid vs^rizer producing &el gas by injecdng fiiel into die anode exhaust gas, whose caibon 
dioxide is sq)arated in the caibon dioxide separator and which is expelled therefrom, with the 
fiiel gas produced by the fuel vaporizer being supplied to the fiiel electrode of the fuel cell. 



dioxide removing member that absorbs and releases the carbon dioxide in dependmce on a 
temperature of the anode exhaust gas. 

3. The j5iel cell system according to daim 2, wherein the carbon dioxide separator includes an 
anode exhaust gas flow passage, communicating with the fuel electrode of the fiiel cell, and a 

15 cathode exhaust flow passage, communicating with the fiiel electrode of the fiiel cell, the 

anode exiiaust g^s flow passa^ and the cathode exhaust gas flow passa^ being separated from 

one another by a wall section, 
and whmin the carbon dioxide removing member is rotatably disposed in a way to oov^ 

both of the anode exhaust gas flow passage and the cathode exhaust gas flow passage such that 
20 the carbon dioxide is absorbed at a temperature below a predetermined value whereas the 

carbon dioxide is released at a temperature exceeding the predetermined value. 

4. Ihe fiiel cell system according to daim 3, fiirther comprising a heat-exdianger disposed in 
the anode esfaaust gas flow passage at an upstream side of tihe carbon dioxide removing mCToib^ 
to cool the anode exhaust gas. 

25 5. The fiiel cell system according to daim 4, wherein the heat-exchanger performs 
heat-^change with the anode exhaust gas using air supplied from an air compressor to decrease 
a tenq)erature of the anode exhaust gps, and the air passing throu^ the heat-exdianger is 
sii^plied to the air electiode of the fiiel cell 

6. The fiiel cell system according to daim 3, wherein the wall section of the carbon dioxide 
30 separator has a heat insulating property at an upstream side of the carbon dioxide removing 



5 



a carbon dioxide sq>arator separating carbon dioxide from anode exhaust gas espelled fix)m . 



10 2. The fiiel cell system according to daim 1, wh^in the carbon dioxide separator has a carbon 
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member. 

7. The fud cett system acorading to daim 3, wherein the anode exhaust g^s flow passagp and 
the cathode exhaust gas flow passage of the caibon dioxide separator communicate wifli an 
anode exhaust gas flow passage and a cathode exhaust gas flow passage at downstream sides of 

5 the cailm dioxide iranoving member respectively, and the anode exhaust gas flow pas^ 

the cathode exhaust gas flow passagp prevailing at the downstream sides of the carbon dioxide 
removing member are sqwrated ftom one another by a wall section having a themial 
conductivity. 

8. The tad ceU system according to daim 7, wherein the fuel vaporize injects the fuel into the 
10 anode exhaust gas flow passage at the downstream side of the carbon dioxide removing 

monber to foimtiie fud gas. 

9. The fiid cell system according to daim 4, wherdn the heat-exdrangpr perftmis 
heat-exchange with the anode exhaust gas using the fiid gas vaporized in the fud vaporizer to 
decrease a tanperature of the anode exhaust gas, and the fiid gas passing through the 

15 heat-exdianger is supplied to the fuel dectrode of the fiid celL 

10. The fiid ceU system according to daim 9, wherdn the heat-exdiangpr includes a refiraner 
device that causes reforming reaction in endothemiic reactioiL 

11. The fuel cdl system accordmg to daim 10, whraein Ihe reforming reaction of the 
heat-exchanger involves steam reforming reaction. 

20 12. Hie fud cdl system accordmg to daim 1, fiirther comprising an exhaust gas combustor 
diq)Osed in the cathode exhaust gas flow passagp of the carbon dioxide separator at an upstream 
side of the carbon dioxide removmg member; a portion of the anode exhaust gas exhausted ficom 
the fuel electrode of the fuel cell being supplied into tihie combustor. 
13. Afuel cell system comprising: 

25 a fuel cell having a fiiel electrode supplied with fuel gas and an air electrode supplied with 



carbon dioxide sepaiatmg means for separatmg carbon dioxide firam anode exhaust gas 
expelled firom the fuel dectrode of the fuel celU and 
fuel irgecting means for iigecting fiid into flie anode exhaust gas, whose carbrai dioxide is 
30 sq)arated in ttie carbon dioxide separating means and whidi is expelled therefirom, to produce 
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g^s» the fiiel gas produced by the fiiel iqecdng means being supplied to ihe fuel electiode 
oftfaefuelcelL 

14. A method of drculating gas in a fiiel cell system provided with a fiiel cell having a fiiel 
electrode supplied with fiiel gas and an air electrode supplied with oxidizer gas, the method 
5 comprising: 

separating carbon dioxide fcom anode exhaust gas expelled from fuel electrode of a fiiel cell; 
producing fuel gas by injecting fuel into the anode exhaust gas, whose carbon dioxide is 
separated and which is e:q)elled; and 
supplying the fuel gas into the fuel electrode of the fiiel cell. 



lyjERNATIONAL SEARCH REPORT 



In^^atfonal Application No 

PCT/JP2004/000341 



A. CLASSinCATlON OF SUBJECT MATTER . ^ 

"PC 7 HOIM8/O6 H01M8/04 



Aoconflng to Intemaflonal Patent ClasslBcaaon (IPC) orto bolh naUonal ctesstfteatton and IPC 



a RELDS SEARCHED 



Minimum documentelion searched (dasaificatlon oydlem foOowed by deesIRoallon eyntbob) 

IPC 7 HOIM 



Documentation searched olher than mlrtmum documentation to the extent that such documents are Included In the fields searched 



Electronic data baro oonsulled during the intemaAlonal search (name of data base and. where practleat. search tern» used) 

EPO-Internal , PAJ 



a DOCUMEWTS CONSIDERED TO BE RELEVANT 



Categoiy" 



Citation of document, with Indication, where appropriate, of the relevani passages 



Relevant to dalm No. 



US 5 866 090 A (AKASAKA YOSHIHIRO ET AL) 

2 February 1999 (1999-02-02) 

abstract 

column 1, line 5 - column 2, line 17 

EP 0 521 185 A (ISHIKAWAJIMA HARIMA HEAVY 
IND) 7 January 1993 (1993-01-07) 
abstract 

column 3, line 25 - column 5, line 37 

EP 0 376 219 A (ISHIKAWAJIMA HARIMA HEAVY 
IND) 4 July 1990 (1990-07-04) 
abstract 

page 4, lines 20-27 

page 5, lines 25-57 

page 6, line 55 - page 7, line 8 

claims 1,2,6 



1-14 



1,2,13, 
14 



1,2,13, 
14 



[3 



Fuither documents are listed In the conUnuallon of box C. 



Palent famBy members are listed In annex. 



« Spedal categories of dted documents : 

'A' document defining the general state oT the art which Is not 

considered to be of particular rslevence 
'E* earlier document but published on or after the inlematlonal 

flllngcfaie 

V document which may throw doubts on prioilly clalm(s)or 
which Is dted to e^abllsh the pubScaiion dale of another 
dtation or other special reason (as spedfled) 

■O^ document referring to an oral disdosurs, use, exhlbSionor 
other means 

"P" document published prior to the IntemaJlonal flDng dale but 
laterthanthe priority date cialmed 



"T* later document published after the Intemallonal filing data 
or prioiHy date and not In conTBct With the application but 
dted to understand the prindple or theory underVing the 
Inventton 

'X' document or paitlcular relevance; the claimed Invention 
cannot be conddered novel or cannot be considered to 
kivolve an inventh/e step when the document Is taken alone 

*Y* document of particular relevance; the daimed invention 
cannot be considered to involve an InventWe step when the 
document Is combined vtrtth one or more other such docu- 
ments, such combination being obvious to a person sMIIsd 
In the art 

'&' document member of the seune patent family 



Date of the actual completion of the International search 



16 July 2004 



Date of mailing of the intemationai search report 
23/07/2004 



Name and maiflng addiess of the ISA 

European Patent Ofrtce, P.B. 6818 Patentlaan 2 
NL-2260HVRQswlII( 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Haerlng, C 



Rann PCT/I3A/210 (second sheet) (Januaiy 200^ 



page 1 of 2 



fATIONAL SEARCH REPOFiT 



C.(ConUnuaUon) DOCUMENTS CONSIDEBED TO BE RELEVANT 



PCT/0P20 



pplleatlon No 

/0P2004/000341 



Category • Cftation of document, with indication, where ^propriale, of the relevant passages 



Relevant to claim Na 



FR 1 436 747 A (GAZ DE FRANCE) 

29 April 1966 (1966-04-29) 

page 1, last paragraph - page 2, paragraph 

FIRST 

page 2, last paragraph - page 3, paragraph 
SECOND 



1,13,14 



US 5 079 103 A (SCHRAMM WALTER) 
7 January 1992 (1992-01-07) 
abstract 

column 2, line 55 - column 3, line 37 
column 4, line 1 - line 42 

US 4 921 765 A (GEISBRECHT RODNEY A 
AL) 1 May 1990 (1990-05-01) 
abstract 

lines 25-29 
line 52 - column 7, 
line 58 - column 8, 



1,13.14 



ET 



1,13,14 



column 2, 
column 6, 
column 7, 
figure 1 



line 25 
line 11 



PATENT ABSTRACTS OF JAPAN 

vol. 0121, no. 62 (E-609), 

17 May 1988 (1988-05-17) 

& JP 62 274561 A (MITSUBISHI HEAVY IND 

LTD), 28 November 1987 (1987-11-28) 

abstract 



1,13,14 



PATENT ABSTRACTS OF JAPAN 

vol. 0121, no. 08 (E-597), 

7 April 1988 (1988-04-07) 

& OP 62 237673 A (SANYO ELECTRIC CO LTD), 

17 October 1987 (1987-10-17) 

abstract 



1,13,14 



EP 0 550 892 A (TOKYO SHIBAURA ELECTRIC 

CO) 14 July 1993 (1993-07-14) 

column 7, lines 7-19 

column 15, line 38 - column 16, line 21 

abstract 



1.2,13, 
14 



Foim PCT/1SA/210 (continuation of second dieet) (Januaiy 2004} 



page 2 of 2 




ilsOTERNATIONAL SEARCH REPORT 

Information on patent temlly members 


InjMBtlonal i 

PCT/0P2 


Application No 

Q04/000341 


Patent document 
cited In search report 


Publication 
data 


Patent famlty 
membetis) 


PUUlcaUm 
date 


US 5866090 A 


02-02-1999 


JP 3053362 B2 
JP 9099214 A 


19-06-2000 
15-04-1997 


EP 0521185 A 


07-01-1993 


CA 2047457 Al 
JP 3216964 A 
EP 0521185 Al 


20-01-1993 
24-09-1991 
07-01-1993 



EP 0376219 A 04-07-1990 JP 2172159 A 03-07-1990 

tr uo/o*:i» 2002227 Al 24-06-1990 

DE 68907398 Dl 05-08-1993 

DE 68907398 T2 03-02-1994 

EP 0376219 Al 04-07-1990 

US 5068159 A 26-11-1991 

US 5039579 A 13-08-1991 



FR 1436747 


A 


29-04-1966 


NONE 






US 5079103 


A 


07-01-1992 


DE 


3913581 Al 


31-10-1990 






JP 


2301968 A 


14-12-1990 


US 4921765 


A 


01-05-1990 


NONE 






JP 62274561 


A 


28-11-1987 


NONE 






JP 62237673 


A 


17-10-1987 


NONE 






EP 0550892 


A 


14-07-1993 


JP 


3515789 B2 


05-04-2004 






JP 


5205759 A 


13-08-1993 








JP 


5174854 A 


13-07-1993 








DE 


69213917 Dl 


24-10-1996 








DE 


69213917 T2 


27-02-1997 








EP 


0550892 Al 


14-07-1993 








ES 


2094273 T3 


16-01-1997 








JP 


3499199 B2 


23-02-2004 








JP 


2001043873 A 


16-02-2001 








US 


5248567 A 


28-09-1993 



Farni PCT/SAfito ftatenl famiV annex) Panuary 2004) 



